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(54) THERMOPLASTIC RESIN LAMINATE 

(57) A thermoplastic resin laminate composed oi at 
least three thermoplastic resin layers, i.e.. first and sec- 
ond layers respectively formed of a thermoplastic resin 
(Al) and a thermoplastic resin (81), which do not 
adhere to each other, and an intermediate layer sand- 
wiched between the first and second layers, wherein the 
intermediate layer is formed of a thermoplastic resin 
composition which forms an islands-sea structure com- 
posed mainly of a thermoplastic resin (A2) which 
adheres to the thrernrxjpiastic resin (Al) and a thermo- 
plastic resin (82) which adheres to the thermoplastic 
resin (81), and in tiie vicinity of the interface between 
the intermediate layer and the first layer, the thermo- 
plastic resin (A2) constitutes the sea phase with the 
thermoplastic resin (82) constituting tiie islands phase, 
while in the vicinity of the interface between the interme- 
diate layer and the second layer, the thermoplastic resin 
(82) constitutes the sea phase with the thermoplastic 
resin (A2) constituting the islands phase, the first layer 
and tiie second layer adhering firmly to each otiier 
through the Intermediate layer. 
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Description 

FIELD OF THE INVENTION 

5 The present invention relates to a thermoplastic resin laminate produced by firmly bonding two layers composed 
respectively of different types of thermoplastic resins which are not bonded each other. 

RELATED ART 

10 As a conventional laminating method of bonding two layers composed respectively of a thermoplastic resin A and 
a thermoplastic resin B. which are not bonded each other, for example, a method of chemically modifying the surface 
and a method of physically modifying the surface by means of sputtering, corona discharge, plasma, excimer laser, etc. 
are known. These methods had a problem that an Interlaminar bonding force is small although a special processing 
device Is required. Furthermore, in order to obtain a resin laminate, a successive melt molding is required and therefore 

IS the number of steps at the time of molding increases, which results in poor processing productivity. 

Even if a simultaneous co-extrusion method is used, it was limited to a co-extrusion method using a thermoplastic 
resin C which is bonded to both thermoplastic resin A and thermoplastic resin B. 

SUMMARY OF THE INVENTION 

20 

The present invention provides a thermoplastic resin laminate comprising at least three thermoplastic resin layers, 
wherein an intermediate layer interposed between a first layer comprising a thermoplastic resin A1 and a second layer 
comprising a thermoplastic resin 81 . which are not bonded each other, comprises a thermoplastic resin composition 
which comprises as a main component a thermoplastic resin A2 having a bonding property to the thermoplastic resin 

25 A1 and a thermoplastic resin B2 having a bonding property to the thermoplastic resin B1 and forms a dispersion struc- 
ture, wherein the thermoplastic resin A2 forms a continuous phase and the thermoplastic resin 82 forms a dispersed 
phase In the intermediate layer at the vicinity of the interface between the intermediate layer and the first layer, and 
wherein the thermoplastic resin B2 forms the continuous phase and the thermoplastic resin A2 forms the dispersed 
phase in the intermediate layer at the vidnity of the interface between the intermediate layer and the second layer. 

30 According to the present invention, a firm bonding strength can be accomplished between the first layer of the ther- 
moplastic resin A1 and the second layer of the thermoplastic resin 81 . 

BRIEF DESCRIPTION OF THE DRAWING 

35 Fig. 1 is a transmission electron micrograph of a aoss section of the tube obtained in Exarrple 1 . 

Fig. 2 is a transmission electron micrograph of a cross section of the tube obtained in Comparative Exarrple 1. 

DETAILED DESCRIPTION OF THE INVENTION 

40 The laminate of the present invention comprises (1) a first layer comprising a thermoplastic resin A1 . (2) a second 
layer comprising a thermoplastic resin 81 and (3) an intermediate layer which is located between these layers and is 
bonded to both layers. 

The thermoplastic resin A1 may be any one wherein the thermoplastic resin A1 and thermoplastic resin 81 are not 
bonded each other, but is preferably a fluororesin having various good features such as heat resistance, oil resistance, 

45 chemical resistance, frictional wear characteristics, tack-free property and the like. 

The thermoplastic resin 81 may be any one wherein the thermoplastic resin A1 and thermoplastic resin 81 are not 
bonded each other, but is preferably a polyamide or polyester resin (e.g. polylxjtylene terephthalate (P8T), etc.) having 
high strength, high toughness, lightweight property and excellent processability. Among them, a polyamide resin having 
a flexibility (e.g. PA1 1 . PA12. PA610) is particularly preferred because it is possible to make use of characteristics such 

50 as oil resistance, chemical resistance, etc. with minimizing the amount of a comparatively expensive fluororesin when 
the fluororesin is used as the thermoplastic resin A1 . 

The intermediate layer is formed of a thermoplastic resin composition comprising the themnoplastic resin A2 and 
the thermoplastic resin B2 as a main component. A thickness of the intermediate layer is at least 0.01 mm. e.g. 0.01 to 
1 0 mm, preferably from 0.03 to 0.5 mm. 

ss The thermoplastic resin A2 may be any one wherein the thermoplastic resin A2 and thermoplastic resin A1 are 
bonded each other When a fluororesin is used as the thermoplastic resin A1, the thermoplastic resin A2 is preferably 
the same type of the fluororesin. The thermoplastic resin 82 may be any one wherein the thermoplastic resin 82 and 
thermoplastic resin 81 are bonded each other. When a polyamide resin is used as the thermoplastic resin 81 , the ther- 
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moplastic resin B2 is preferably the same type of the polyamide resin. When a polyester resin is used as the thermo- 
plastic resin B1 , the thermoplastic resin B2 is preferably the same type of the polyester resin. 

The fiuororesin used as the thermoplastic resin A1 or thermoplastic resin A2 may be any fluororesin which can be 
subjected to hot-melt processing. Specific examples of the fluororesin include tetrafluoroethylene/fluoro(alkyl vinyl 
ether) copolymer (hereinafter referred to as "PFA"), tetrafluoroethylene/hexafluoropropylene copolymer (hereinafter 
refen-ed to as TEP"), ethylene/tetraflucroethylene copolymer (hereinafter referred to as "ETFE"), polyvinylidene fluo- 
ride (hereinafter reierred to as TVDF"). polychlorotrif luoroethylene (hereinafter refen-ed to as "PCTFE"). ethylene^chlo- 
rotrifluoroethylene copolymer (hereinafter referred to as "ECTFE") and the like. An average molecular weight of the 
fluororesin may normally be from 2,000 to 1.000,000. 

PFA is preferably a copolymer of tetraf luoroethylene and at least onefluoro(alkyl vinyl ether) represented by the for- 
mula: CF2=CF-0-Rf (Rf is a fluoroaikyl group having 1 to 10 carbon atoms). PFA preferably comprises 99 to 92% by 
weight of tetraf luoroethylene and 1 to 8% by weight of f Iuoro(alkyl vinyl ether). 

FEP preferably comprises 96 to 87% by weight of tetrafluoroethylene and 4 to 13% by weight of hexaf luoropropyl- 

ene. 

ETFE preferably comprises 90 to 74% by weight of tetrafluoroethylene and 10 to 26% by weight of ethylene. 

ECTFE preferably comprises 68 to 14% by weight of ethylene and 32 to 86% by weight of chlorotrif luoroethylene. 

The fluororesin may contains one or more other monomers unless essential characteristics are not deteriorated. 
Examples of the other monomer include tetrafluoroethylene (provided PFA, FEP and ETFE are excluded), hexafluoro- 
propylene (provided FEP is excluded). fluoro(alkyl vinyl ether) (provided PFA is excluded), vinylidene fluoride (provided 
PVDF is excluded), chlorotrif luoroethylene (provided PCTFE is excluded), perfiuoroalkyl(Ci.io) ethylene, perfluoro- 
alkyl(Ci.io)allylether and a compound represented by the formula: 

CF2=CF[OCF2CFX(CF2)JnOCF2(CF2)pY 

wherein X is fluorine or a trrfluoromethyl group; Y is halogen; m is a number of 0 or 1 (provided X is limited to fluorine 
when m is 1); n is a number of 0 to 5; and p is a number of 0 to 2. An amount of the other monomer in the polymer is at 
most 20% by mol based on the polymer. 

Among these f luororesins, a vinylidene fluoride copolymer or ethylene/fluorine-containing olefin copolymer having 
comparatively low melting point is prefen^ed. 

The vinylidene fluoride copolymer means polyvinylidene fluoride (PVDF), and a resinous copolymer comprising 
vinylidene fluoride (VDF) and at least one fluorine-containing monomer which can be copolymerized with vinylidene flu- 
oride. Typical examples of the fluorine-containing monomer which can be copolymerized with vinylidene fluoride include 
tetrafluoroethylene (TFE). hexafluoropropylene (HFP), chlorotrifluoroethylene (CTFE). hexafluoroisobutylene. hex- 
afluoroacetone. pentafluoropropylene. trif luoroethylene. vinyl fluoride, fluoro(alkyl vinyl ether) and the like. In the vinyli- 
dene fluoride copolymer, an amount of vinylidene fluoride is at least 35% by mol based on the copolymer. 

The ethylene/fluorine-containing olefin copolymer is a resinous copolymer wherein a molar ratio of ethylene/(TFE 
and/or CTFE) is from 10/90 to 60/40, and contains a third fluorine-containing monomer which can be copolymerized 
with them in an amount of 0 to 15% by mol based on the total amount of ethylene and TFE and/or CTFE. Examples of 
the third fluorine-containing monomer include at least one compound represented by CH2=CZ(CF2)wZ, 
CF2=CZ(CF2)w2, CF2=CFO(CF2)wZ (2 is a hydrogen atom or a fluorine atom; and w is an integer of 1 to 8) or 

CH2=C(CF3)2. ' 

Among these vinylidene fluoride copolymers or ethyleneAluorine-containing olefin copolymers, a vinylidene fluoride 
copolymer and/or ethylene/fluorine-containing olefin copolymer having a melt viscosity of 10 to 100,000 poise at 250°C 
under a shear rate of 100 sec'^ can be selected so as to obtain sufficient melt fluidity within the kneading/molding tem- 
perature range without accompanying drastic deterioration of a polyamide resin when the copolymer is co-extruded 
together with the polyamide resin. 

Among them, a copolymer, which is superior in flexibility, low-tenperature impact resistance, heat resistance, etc. 
with maintaining low fuel permeability and is optimum for producing a fuel pipe or tube by means of simultaneous mul- 
tilayer extrusion with the polyamide resin, is an ethylene/fluorine-containing olefin copolymer having a melt viscosity of 
10 to 100.000 poise at 250'>C under a shear rate of 100 sec'V Since the amount of the comparatively high-cost third 
fluorine-containing monomer can be reduced without deteriorating characteristics of the ethylene/fluorine-containing 
olefin copolymer, an ethylene/leteraf luoroethylene copolymer wherein a molar ratio of ethylene/TFE is from 10/90 to 
38/62 and a third fluorine-containing monomer copoiymerizable with them is contained in an amount of about 0. 1 to 5% 
by mol based on the total weight of ethylene and TFE (Japanese Patent Kbkoku Publication No. 58615/1987) can be 
optimum. 

The polyamide resin used as the thermoplastic resin B1 or thermoplastic resin B2 may be any known aliphatic or 
aromatic polyamide resin, and it is possible to appropriately select from a polymer of lactam, a condensate of diamine 
and dicarboxylic acid, a polymer of amino acid, and copolymers or blends thereof. 
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Specific examples of the polyamide resin include polyamide 6. 66. 46, 1 1 , 12, 610, 612 and the like. For the pur- 
pose of improving the flexibility, a plastidzer component may be formulated to the polyamide resin. It is also possible to 
use a polyamide thermoplastic elastomer such as polyetherester amide. An average molecular weight of the polyamide 
resin is normally from 5,000 to 500,000. 

5 Among these polyamide resins, preferred are polyamide 11, 12 and 610 because of their characteristics required 
as a tube, hose or pipe material in which the thermoplastic resin laminate of the present invention is mainly used. 

It is preferred to use the same type of polyamide resins in the thermoplastic resins B1 and B2 in view of bonding 
property and co-extrusion property. Furthermore, it is preferred to select a polyamide resin having a melt viscosity of 1 0 
to 1 00,000 poise at 250'*C under a shear rate of 1 00 sec" ^ in view of adjustment of the melt viscosity of the composition. 

10 The respective layers in the present invention may contain inorganic or organic fillers which are normally used, 
such as a fibrous reinforcer (e.g. glass fiber, carbon fiber, ceramic fiber, potassium titartate f bar. aramid fiber, aromatic 
polyester fiber, etc.). an inorganic filler (e.g. calcium carbonate, talc, mica, clay, carbon powder, graphite, glass beads, 
etc.), metal powder, polyolefin powder, polytetrafluoroethylene powder, a heat-resistant resin (e.g. polyimide, etc.), a 
colorant, a flame retardant and a sliding additive. An amount of the fillers is normally from 1 to 70 parts by weight based 

15 on 1 00 parts by weight of the resin. 

It is possible to invert the dispersion structure of the intermediate layer in the vicinity of the interface between the 
intermediate layer and the first layer and in the vicinity of the interface between the intermediate layer and the second 
layer by adjusting ( 1 ) a composition ratio of constituent components, ( 2 ) a viscosity ratio of constituent components 
and ( 3 ) co-extrusion conditions (e.g. a preset temperature, an extrusion amount a take-off rate, a die structure, a 

20 screw structure, etc.). For example, the co-extrusion conditions nnay be adjusted so that a difference in temperature 
and/or a difference in shear rate are formed in the intermediate layer between the vicinity of the interface near the first 
layer and the vicinity of the interface near the second layer, in the die in case of co-extrusion. For example, the differ- 
ence in temperature may be within the range from 1 to 1 50°C, preferably from 1 0 to 1 00**C. 

In the thermoplastic resin laminate of the present invention, it is preferred that the thermoplastic resin A1 and ther- 

25 moplastic resin A2 are ethylene/fluorine-containing olefin copolymers, particularly ETFE, and the thernroplastic resin 
B1 and thermoplastic resin 82 are polyamide resins, particularly polyamide 12. 

It is preferred that the melt viscosity of ETFE is from 1 0^ to 1 0^ poise (when the temperature is 285°C and the shear 
rate is 10^ sec'""), the melt viscosity of PA12 is from 10^ to 10^ poise (when the temperature is 245°C and the shear rate 
is 102 sec"''), and the weight ratio of {PA12)/(ETFE) is from 1/9 to 3/2. 

30 Under the condition that the resin temperature is from 230 to 310°C and the shear rate is from 0 to 10'* sec""* at the 
time of simultaneous co-exlrusion in the intermediate layer at the vicinity of the interface between the intermediate layer 
and the first layer, ETFE forms a continuous phase and PA 12 forms a dispersed phase. Under the condition that the 
resin temperature is from 200 to 260**C and the shear rate is from 0 to 1 0^ sec'"* at the time of simultaneous co-extrusion 
in the intermediate layer at the vicinity of the interface between the intermediate layer and the second layer. PA1 2 forms 

35 a continuous phase and ETFE forms a dispersed phase. Consequently, a firm bonding strength is obtained between 
the first and second layers. Each continuous phase is formed in the intermediate layer at the vicinity of the interface with 
the first and second layers. With respect to the center portion of the intermediate layer, any one of them may be a con- 
tinuous phase. 

In order to enhance the mixing dispersion property with the thermoplastic resin A2 or thermoplastic resin 82 and 
40 to improve the interlaminar bonding property in case of laminating with the first layer and/or second layer, there may be 
mixed a rubber (e.g. fluororubber. etc.). a plasticizer (e.g. N-butylbenzenesulfonamide, N-ethyltoluenesulfonamide. N- 
cyclohexyltoluenesuifonamide, octylcresol, 2-ethyl-p-hydrQxybenzoate, p-oxybenzoate, etc.) or a block or graft copoly- 
mer comprising polymeric components having an affinity for each of the first and second layers (e.g. block or graft 
copolymer comprising a polymeric component containing a monomer having an epoxy groif) or a carboxylic (anhy- 
45 dride) group and a (meth)acrylic polymer component) in an amount of 1 to 30 parts by weight based on the total weight 
(100 parts by weight) of the thermoplastic resin A2 and thermoplastic resin 82 in the present invention. A molecular 
weight of the polymeric component containing a monomer having an epoxy group or a carboxylic (anhydride) group is 
from 1 .000 to 200.000. that of the (meth)acrylic polymeric component is from 1 ,000 to 200.000 and that of the block or 
graft copolymer is from 2,000 to 400,000. A proportion of the monomer having an epoxy resin or a carboxylic (anhy- 
50 dride) group in the block or graft copolymer is from 1 to 30% by weight By using the rubber, the plasticizer, or the block 
copolymer or graft copolymer, the low-temperature impact resistance, interlaminar bonding property and flexibility of the 
laminate can be enhanced. 

It is also possible to supplement the interlaminar bonding properly by providing two or more intermediate layers. 

As the simultaneous co-exlrusion molding in the present invention, there can be used molding methods such as a 
55 multilayer co-extrusion molding, a multilayer blow molding, a multilayer injection molding and the like. 

In the preparation of the thermoplastic resin composition which forms the intermediate layer, a known mixing 
method is normally used. For example, pellets can be prepared by previously mixing the respective components with a 
mixer such as a V-type blender, a tumbler, a Henschel mixer, etc., followed by mixing in a melt mixing device such as 
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twin-screw extruder, etc. 

For the purpose of reinforcing, antistaining or destaticizing the outside or inside of the laminate of the present inven- 
tion, a resin layer or a rubber layer can also be provided during or after sinrwltaneous co-extrusion. 

Exarples of the shape of the thermoplastic resin laminate of the present invention include a hose, a pipe, a tube. 
5 a sheet, a seal, a gasket, a packing, a film, a tank, a roller, a bottle, a container, etc., and any shape can be obtained 
by means of a multilayer co-extrusion molding, a multilayer blow molding, a multilayer injection molding, etc. The ther- 
moplastic resin laminate of the present invention is used for a sour gasoline, for an alcohol fuel, for a fuel containing a 
gasoline additive (e.g. methyl tert-butyl ether (MTBE), amine, etc.). for an ink/paint, for transporting a waste liquid, for 
transporting a high-temperature liquid, and for a steam piping. 
10 When the laminate is a tube and the first layer is a f luororesin, the first layer is preferably an innermost layer. 

PREFERRED EMBODIMENT OF THE INVENTION 

The present invention will be illustrated by the following Examples which do not limit the present invention. 
15 An interlaminar bonding strength was determined by subjecting a test piece having a width of 10 mm, obtained by 
cutting a tube, to a 180** peeling test at room temperature at a separation rate of 50 mm/min. 

Examples 1 to 4 and Comparative Examples 1 to 3 

20 By a multi-manifold die, pellets obtained by kneading in a twin-screw extruder were simultaneously extruded (coex- 
trusion of three layers) at an extrusion rate of 10 m/min under the conditions shown in Table 1 to form a multi-layer tube. 



Table 1 



Molding conditions 




Inner layer 


Intermediate layer 


Outer layer 




ETFE 


Bonding layer 


PA12 


Cylinder preset temperature (^'C) 
Die preset temperature (**C) 


260-310 
230 - 250 


200 - 240 
230 - 250 


220 - 250 
230 - 250 


Resin temperature (°C)''> 


280-310 


200 - 240 


235 



Note 1) Resin temperature at connection portion of cylinder and die 



36 

The multi-layer tube was composed of an Inner layer, an Intermediate layer and an outer layer, in which an outer 
diameter of the tube was 8 mm, an inner diameter of the tube was 6 mm, a thickness of the inner layer was 0.2 mm, a 
thickness of the intermediate layer was 0.1 mm and a thickness of the outer layer was 0.7 mm. The interlaminar bonding 
40 strength of the tube was measured. The results are shown In Table 2. 

A transmission electron mlaograph (TEM) of a cross section of the tube obtained in Example 1 Is shown in Fig. 1 
and that of the tube obtained In Comparative Example 1 1s shown In Rg. 2. 

Comparative Example 4 

45 

After a single-layer tube of ETFE having an inner diameter of 6 mm and a layer thickness of 0.3 mm was extruded, 
the surface was subjected to a corona discharge treatment and then melt-coated with PA12 in a layer thickness of 0.7 
mm. The interlaminar bonding strength of the tube was measured. The results are shown in Table 2. 

so 



55 



5 




EP 0 81 6 062 A1 



10 



IS 



20 



25 



30 



35 



40 



45 



CM 



c 

2 E 
Q. 



-s 

1 

CO 

o 



0) 

T3 
O 

E 

w 

•E -S 

0 0) 

2 I 

3 C 

1 © 



03 

a 



.3 



CO 

a. 
E 



•o 



< 

OL 

ea 

.£ 
*5 

0) 

a 

75 
*3 



UJ 



ca 

,S 
o 

1 -g 



03 

'o 



CVJ 



o 

CO 

12 



to 

CM 



to 
0. 



0) 

E 
m 



■5 ^ 
2 « 

5 Q. 

E 

O UJ 



.5 CM 

2 Q> 

« Q. 

o a 



c 
o 



o 

CO 

o 

CO 



to 
a. 



I 

2 

CO 
Q. 

E 
o 
O 



Q. 

E 

CO 
K 

LU 



5 ^ 

2 o 

CO Q. 

g (0 



55 



6 



EP 0 816 062 A1 



Note) 

J 1): NeotlonEPeiO [manufactured by Daikin Industries Ltd., 

ethylene/tetrafluoroethylene copolymer, melting point: 225^, viscosity: 2 x 10-* 
poise (temperature: 250°C, shear rate: 1 00 sec"!)] 

2) : PA12-3030JU [polyamide 12 manufactured by Ube Industries, Ltd., 
melting point: 174°C, viscosity: 1 x 10'» poise (temperature: 250'C, shear rate: 102 

15 sec'^)] 

3) : PA12-3020B [polyamide 12 manufactured by Ube Industries, Ltd., 
melting point: 176^, viscosity: 3 x 10^ poise (temperature: 250'C, shear rate: 102 

20 

sec'*)] 

4) : PA1 2-301 4JX7 [polyamide 12 manufactured by Ube Industries. Ltd.. 
melting point: 174^. viscosity: 5x10^ poise (temperature: 250'C. shear rate: 10^ 
sec'^)] 

5) : PA12-3030B [polyamide 12 manufactured by Ube Industries, Ltd.. 
melting point: 174^^ viscosity: 3 x 10^ poise (temperature: 250^, shear rate: 10^ 
sec*^)] 

6) : Dai-el thermo T530 [fluororubber manufactured by Dail<in industries Ltd., 
melting point: 225"C. viscosity: 3 x 10^ poise (temperature: 250^. shear rate: 10^ 
sec""")] 
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Claims 



1 . A thermoplastic resin lamir,ate cor^rlslng at least three thermoplastc resin layers, wherein ^" J^ ^J^ 
interposed betweenafirst layer comprlslngathermoplasticresinAlandasecond layer compns^^^ 

resinBI which are not bonded each other, comprises a thermoplastic resin composition which comprises a Iher- 
m'pScTesin A2 having a bonding property to the thermoplastic resin A1 and a t^^^^-J'Jf^;^" ^^^^^^^^ 
bonding property to the thermoplastic resin B1 and fomis a dispersion structure, wherein the thermoplashc resin 
SrrSsTconfinuous phase and the thermoplastic resin B2 forms a dispersed phase in the •"te^'"^'«^^ J^^^^^ 
the vicinity of the interface between the intermediate layer and the first layer, and wherein the the mo,^tc esin 
B2 forSe continuous phase and the thermoplastic resin A2 forms the dispersed phase in the intermediate layer 
at the vicinity of the interface between the intermediate layer and the second layer. 

2. The thermoplastic resin laminate according to claim 1 . wherein the thermoplastic resin A1 and the thermoplastic 



50 resin 
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resin A2 are fluororesins. 
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4. The thermcjplastic resin laminate according to daim 1 , wherein the thermoplastic resin A1 and the thermoolastic 
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